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Carcinoid tumors are slow-growing tumors originating in the neuroendocrine cells, and occur most frequently within
the gastrointestinal tract. Although the liver is the most common site for metastatic carcinoid tumors, primary hepatic
carcinoid tumors are exceedingly rare and reports of the imaging findings have been very scarce. We herein report
imaging findings with an emphasis on magnetic resonance imaging in two cases of primary hepatic carcinoid tumors.
In both cases, the tumors showed cystic areas with hemorrhagic components and early enhanced solid areas.
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Carcinoid tumors are slow-growing tumors originating in
the neuroendocrine cells, and occur most frequently within
the gastrointestinal tract (Maggard et al. 2004; Nikfarjam
et al. 2004). Although they preferentially metastasize to the
liver, primary hepatic carcinoid tumors are exceedingly rare
(Gravante et al. 2008; Nikfarjam et al. 2004) and there are
insufficient detailed data on these tumors in the literature.
In addition, most previous reports of this tumor have con-
cerned histological or surgical findings, and reports of the
imaging findings have been very scarce.
We herein present two cases of primary hepatic car-
cinoid tumors and describe the characteristic of imaging
findings, with an emphasis on magnetic resonance (MR)
imaging. To the best of our knowledge, there have been
no report describing the MR imaging findings with the
hepatocyte-specific contrast media like one of our cases.Case descriptions
Case 1
A 70-year-old male with past medical history of a squa-
mous cell carcinoma of the skin underwent a computed
tomography (CT) examination for the assessment of dis-
tant metastasis. He was asymptomatic. Unenhanced CT* Correspondence: s500820@nifty.com
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in any medium, provided the original work is pshowed a heterogeneous hypodense mass mainly in the
posterior segment of the right hepatic lobe. On en-
hanced CT, multiple cystic areas without contrast en-
hancement became clear by the enhancing solid areas in
the hepatic mass. His laboratory data showed high levels
of serum γ-glutamyl transpeptidase (75 IU/L) and leu-
cine aminopeptidase (136 IU/L). Tumor marker assays
showed high levels of serum carcinoembryonic antigen
(5.7 ng/mL) and carbohydrate antigen 19-9 (154 U/mL).
Abdominal ultrasound showed the mainly hyperechoic
mass with multiple cystic areas. Abdominal MR imaging
showed the hepatic mass with solid and multiple cystic
areas. T2-weighted MR images showed multiple cystic
areas with shading in the hepatic mass (Figure 1a). T1-
weighted MR images showed some hyperintense cystic
areas in the hepatic mass (Figure 1b). These findings
suggested a hemorrhagic component in the cysts. On dy-
namic MR images with gadolinium ethoxybenzyl diethy-
lenetriamine pentaacetic acid (Gd-EOB-DTPA), strong
enhancement of solid areas in the hepatic mass was pro-
longed from the early phase to the late phase (Figure 1c, d).
MR images with Gd-EOB-DTPA in the hepatobiliary
phase showed the hypointense hepatic mass, the extent
of which was clearly delineated by increasing the signal
intensity of the normal liver parenchyma (Figure 1e).
18 F-fluorodeoxyglucose (FDG) positron emission tom-
ography (PET)/CT showed no abnormal uptake of FDG
in most of the hepatic mass, and an increased uptake ofOpen Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
Figure 1 Primary hepatic carcinoid tumor in 70-year-old male. An axial T2-weighted MR image (a) shows the hepatic mass, which included
multiple cystic areas with shading. An axial T1-weighted MR image (b) shows some hyperintense cystic areas in the hepatic mass. Axial fat-suppressed
dynamic MR images with Gd-EOB-DTPA show the prolonged enhancement of solid areas and the non-enhancing multiple cystic areas of the hepatic
mass from the early phase (c) to the late phase (d). An axial fat-suppressed MR image with Gd-EOB-DTPA in the hepatobiliary phase (e) shows the
hypointense hepatic mass, the extent of which is clearly delineated by increasing the signal intensity of the normal liver parenchyma. 18 F-FDG PET/CT
(f) shows no abnormal uptake of FDG in most of the hepatic mass, and increased uptake of FDG in the fraction of the hepatic mass. The cut surface of
the resected specimen (g) shows a hepatic mass with multiple hemorrhagic cystic areas.
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extended right lobectomy was performed. Macroscopic in-
spection of the abdominal cavity during the operation
demonstrated no other abnormal findings. The cut surface
of the resected specimen showed a hepatic mass measur-
ing 11 × 8 cm with multiple hemorrhagic cystic areas
(Figure 1g). Microscopically, the tumor was composed of
columnar cells arranged in trabecular and ribbon patterns.
Immunohistochemically, the tumor cells were positive for
synaptophysin and CD56 and negative for chromogranin
A. Only a few tumor cells were positive Ki-67. So a diagno-
sis of carcinoid tumor was made. No extrahepatic lesions
were found by upper endoscopy, colonoscopy, small bowel
series or chest CT. Recurrences were found in the residual
liver five months after the operation, and transcatheterFigure 2 Primary hepatic carcinoid tumor in 74-year-old female. Unen
right lobe of the liver. Dynamic CT shows prolonged, enhancing, irregular s
phase (b) to the late phase (c). An axial T1-weighted MR image (d) shows
areas (arrows). An axial T2-weighted MR image (e) shows the mainly hyper
arteriogram in the early phase (f) shows an irregular tumor stain, which is sarterial chemoembolization was performed for the lesions.
The patient was doing well at the most recent follow-up
examination, performed 22 months after the operation.
Case 2
A 74-old-year female had experienced abdominal disten-
sion for three years. She was hospitalized for a detailed
examination and medical treatment, because her abdom-
inal pain had gradually intensified. Her past medical history
included bronchial asthma, but she had not experienced
any asthma attacks after she was in 30s. Her laboratory
data showed a high level of serum γ-glutamyl transpepti-
dase (64 IU/L). Abdominal unenhanced CT showed a het-
erogeneous hypodense mass 12 cm in diameter, mainly in
the right lobe of the liver (Figure 2a). On dynamic CT,hanced CT (a) shows a heterogeneous hypodense mass mainly in the
olid areas and non-enhancing areas of the hepatic mass from the early
the mainly hypointense mass, including scattered hyperintense cystic
intense mass, including cystic areas with shading (arrows). A celiac
upplied by the stretching right and middle hepatic arteries.
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prolonged from the early phase to the late phase, was ob-
served with non-enhancing areas mixed in the hepatic
mass (Figure 2b, c). The hepatic mass was mainly hypoin-
tense on T1-weighted MR images (Figure 2d) and hyperin-
tense on T2-weighted MR images (Figure 2e). Cystic areas
which were hyperintense on T1-weighted MR images and
showed shading on T2-weighted MR images were scat-
tered in the mass, thus suggesting a hemorrhagic com-
ponent in the cysts. Abdominal arteriograms showed
irregular tumor staining, which was supplied by the
stretching right and middle hepatic arteries (Figure 2f ).
Based on these imaging findings, hepatic hemangioma
with remarkable degeneration was suspected. Trans-
catheter arterial embolization was performed for the
hepatic mass, and the size of mass was reduced to
10 cm in diameter. After a follow-up of 43 months, an
extended right lobectomy was performed because the
mass had increased in size, and also due to the fact that
her abdominal pain had intensified. A macroscopic in-
spection of the abdominal cavity during the operation
demonstrated no other abnormal findings. The cut sur-
face of the resected specimen showed a hepatic mass
with multiple hemorrhagic cystic areas. Microscopic-
ally, the tumor was composed of homogeneous round
cells arranged in trabecular and nesting patterns. Some
of the cells formed rosette structures. Histopathologically,
the diagnosis was a carcinoid tumor. No extrahepatic le-
sions were found by upper endoscopy, colonoscopy or
chest X-rays. No recurrence was found at 30 months after
the operation.Discussion and evaluation
Although the liver is the most common site for metastatic
carcinoid tumors, primary hepatic carcinoid tumors are
exceedingly rare (Gravante et al. 2008; Nikfarjam et al.
2004), and their identity must be demonstrated by con-
firmation that there is no carcinoid in other sites at the
time of the operation and by various imaging examina-
tions. Primary hepatic carcinoid tumors had some com-
mon clinical characteristics (Gravante et al. 2008; Iwao
et al. 2001; Lin et al. 2009; Fenoglio et al. 2009; Nikfarjam
et al. 2004). They frequently occurred in middle age and
were detected slightly more often in females than males.
A relatively large number of patients presented with ab-
dominal pain or no symptoms, whereas a few patients pre-
sented with carcinoid syndrome. Therefore, most such
tumors were incidentally found as giant masses in spite of
their slow-glowing nature.
Although few previous reports have shown the charac-
teristics of imaging findings of primary hepatic carcinoid
tumors owing to their rarity, it has been thought, based
on previous reports and our present cases, that therelatively characteristic imaging findings include cystic
areas with hemorrhagic components (Takayasu et al. 1992;
Abdel Wahab et al. 2006; Komatsuda et al. 2005; Ulusan
et al. 2005; Touloumis et al. 2008; Imaoka et al. 1993;
Fujino et al. 1998; Oh et al. 1998; Kehagias et al. 1999;
Hirata et al. 2002; Aoki et al. 1992; Yeung et al. 2008; Shih
et al. 2005) and early enhanced solid areas (Iwao et al.
2001; Lin et al. 2009; Takayasu et al. 1992; Abdel
Wahab et al. 2006; Komatsuda et al. 2005; Ulusan et al.
2005; Touloumis et al. 2008; Iimuro et al. 2002; Gao J
et al. 2011; Shah et al. 2007).
Some cystic areas of the tumors in our present cases
showed hyperintensity on T1-weighted MR images and
shading on T2-weighted MR images, and were confirmed
to include hemorrhagic components in the resected speci-
mens. In several previous reports, cystic areas of primary
hepatic carcinoid tumors were also confirmed as vascular
lakes, which included hemorrhagic components histo-
pathologically (Takayasu et al. 1992; Abdel Wahab et al.
2006; Imaoka et al. 1993; Fujino et al. 1998; Oh et al. 1998;
Kehagias et al. 1999; Hirata et al. 2002; Aoki et al. 1992)
and would have originated in frequent intratumoral
bleeding. Table 1 shows the reported MR imaging find-
ings of primary hepatic carcinoid tumors. Several previ-
ous reports, as well as our present cases, showed primary
hepatic carcinoid tumors with hyperintense areas on T1-
weighted MR images, and some of them were identified to
have hemorrhagic components in the resected specimens
(Takayasu et al. 1992; Imaoka et al. 1993). In contrast, a
few reports identified histopathologically hemorrhagic
components at hyperintense areas on T2-weighted MR
images (Takayasu et al. 1992; Abdel Wahab et al. 2006;
Fujino et al. 1998). It is thought that cystic areas of pri-
mary hepatic carcinoid tumors can show various signal
patterns depending on the amount and duration of
bleeding.
Table 2 shows the results of the reported dynamic stud-
ies of primary hepatic carcinoid tumors. The solid areas
were densely stained in the early phase of dynamic studies.
In the late phase, some cases had less enhanced staining
to the surrounding liver parenchyma (Iwao et al. 2001; Lin
et al. 2009; Takayasu et al. 1992; Abdel Wahab et al. 2006;
Komatsuda et al. 2005 Iimuro et al. 2002; Gao et al; 2011)
and the others showed a prolonged and strengthened en-
hancement (Takayasu et al. 1992; Abdel Wahab et al.
2006; Ulusan et al. 2005; Touloumis et al. 2008). Our
present cases showed prolonged enhancements from the
early phases to the late phases of dynamic studies. Irregu-
lar, prolonged and strengthened enhancements of primary
hepatic carcinoid tumors in the late phase of dynamic
studies appear to originate in fibrous tissues (Ulusan et al.
2005). MR imaging with Gd-EOB-DTPA for Case 1 not
only evaluated the hemodynamics of the tumor in the dy-
namic study, but also clearly described the shape of the
Table 2 Summary of the reported dynamic studies of primary hepatic carcinoid tumors
Author (year) Age/sex Modality Early phase Late phase
Iwao et al. (2001) 75/M CT Peripherally enhancing masses Hypodense masses, some of which were accompanied
by a weakly enhancing central area
Lin et al. (2009) 48/F CT An enhancing nodule A nodule with washout
Takayasu et al. (1992) 30/F CT An enhancing mass with spotty
nonenhancing areas
An iso- to slight hypodense mass with more
hypodense foci
74/F CT NA A mass with slight enhancement
Abdel Wahab et al. (2006) 55/F CT A marginally enhancing mass A mass with complete fill-in enhancement
52/F CT A marked heterogeneously
enhancing mass
A mass with washout
Komatsuda et al. (2005) 82/M US A marked enhancing mass except
for cystic areas
A less enhancing mass than the surrounding liver
Ulusan et al. (2005) 46/F CT A peripherally enhancing mass A centrally enhancing mass
Touloumis et al. (2008) 65/F MRI Progressive enhancing lesions
Iimuro et al. (2002) 71/M CT One homogeneously enhancing
mass and another ringed enhancing mass
Two Masses with enhancing parts that became
hypodense compared with the liver
Gao et al. (2011) 53/F CT An enhancing nodule A nodule with washout
Shah et al. (2005) 46/F MRI An isolated arterial enhancing lesion NA
Our cases 70/M MRI A mass including solid areas with
strong enhancement
A mass including solid areas with prolonged
enhancement and non-enhancing multiple cystic areas
74/F CT A mass including irregular solid
areas with strong enhancement
A mass including solid areas with prolonged
enhancement and non-enhancing areas
F: female, M: male, CT: computed tomography, US: ultrasound, MRI: magnetic resonance imaging, NA: not available.
Table 1 Summary of the reported MR imaging findings of primary hepatic carcinoid tumors
Author (year) Age/sex T1-weighted imaging findings T2-weighted imaging findings
Iwao et al. (2001) 75/M Hypointense masses Hyperintense masses
Fenoglio et al. (2009) 65/M A hypointense mass A weak irregular hyperintense mass
Takayasu et al. (1992) 30/F A hypointense mass with multiple
small hyperintense areas
A hyperintense mass with small more hyperintense and
hypointense areas
74/F A hypointense mass with hyperintense foci A hyperintense mass with more hyperintense zonal areas
Abdel Wahab et al. (2006) 62/F A heterogeneous hypointense mass A mass with hyperintense areas of cystic degeneration
55/F NA A hyperintense mass with areas of intermediate signal intensity
52/F NA A hyperintense mass with an area of intermediate signal intensity
Imaoka et al. (1993) 56/F A heterogeneous hypointense mass
with a small hyperintense spot
A hyperintense mass containing hypointense septae
Fujino et al. (1998) 40/F A heterogeneous hypointense area A hyperintense mass containing more hyperintense areas
Kehagias et al. (1999) 57/M A mainly isointense mass relative to the
normal liver with several hypointense areas
A mass composed of central and multiple peripheral
hyperintense areas
Yeung et al. (2008) 35/F Two hepatic masses with thick hypointense
walls and hyperintense centers
NA
Iimuro et al. (2002) 71/M A hypointense mass A heterogeneous hyperintense mass
Our cases 70/M A mass including some hyperintense
cystic areas
A mass including multiple cystic areas with shading
74/F A mainly hypointense mass including
scattered hyperintense cystic areas
A mainly hyperintense mass including cystic areas with shading
F: female, M: male, NA: not available.
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nal intensity of the normal liver parenchyma in the hepato-
biliary phase. The use of hepatocyte-specific contrast media
is expected to enable a more accurate diagnosis.
PET for Case 1 showed no abnormal uptake of FDG in
most of the hepatic mass. PET is not generally useful,
because carcinoid tumors are slow-growing tumors and
have no hypermetabolic activity (Yeung et al. 2008).
Carcinoid tumors frequently metastasize, and the liver is
the most common site. Typical imaging findings of meta-
static hepatic carcinoid tumors by previous reports in-
cluded solid, hypervascular and multiple lesions, whereas
cystic areas were rarely observed, unlike in primary hep-
atic carcinoid tumors (Salamone et al. 2010). Stella et al.
(2006) concluded that the cystic degeneration of a meta-
static hepatic carcinoid tumor originated in necrosis over
a ten-year period according to one case report. Primary
hepatic carcinoid tumors can be rarely found as early solid
tumors without cystic areas, because they can be found in-
cidentally, and are less frequently associated with carcin-
oid syndrome than metastasis. The tumors in our two
cases were both large, and thus they appear to include cys-
tic areas due to their long period of growth.
Conclusions
The present two cases of primary hepatic carcinoid tumor
showed similar imaging findings. It has been thought,
based on previous reports and our present cases, that the
relatively characteristic imaging findings include cystic
areas with hemorrhagic components and early enhanced
solid areas. Although a primary hepatic carcinoid tumor
needs to be differentiated from hepatocellular carcinoma,
hemangioma, cystadenocarcinoma, sarcoma and hyper-
vascular metastasis (such as renal cell carcinoma and islet
cell tumor) in diagnostic imaging, this may be difficult
owing to the rarity of this tumor. However, hepatic masses
including cystic areas with hemorrhagic components and
early enhanced solid areas on MR imaging should thus
lead to a suspicion of a primary hepatic carcinoid tumor.
Abbreviations
MR: Magnetic resonance; CT: Computed tomography; Gd-EOB-DTPA: Gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid; FDG: Fluorodeoxyglucose;
PET: Positron emission tomography.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MI, NN and SK collected the data. MI and NN drafted the manuscript. AF, SO
and YM helped to draft the manuscript. All authors read and approved the
final manuscript.
Author details
1Department of Radiology, Osaka City General Hospital, 2-13-22
Miyakojima-hondori, Miyakojima-ku, Osaka, Japan. 2Department of Radiology,
Osaka City University Graduate School of Medicine 1-4-3, Asahi-machi,
Abeno-ku, Osaka, Japan. 3Department of Radiological Sciences, Tokyo
Metropolitan University, 1-1 Minami-Osawa, Hachioji-shi, Tokyo, Japan.4Department of Radiology, Koseikai Takeda Hospital, 841-5
Higashishiokoji-cho, Shiokojidori Nishinotoin Higashi-iru, Shimogyo-ku, Kyoto,
Japan. 5Department of Radiology, Shiga University of Medical Science, Seta
Tsukinowa-cho, Otsu, Shiga, Japan.
Received: 20 August 2014 Accepted: 9 October 2014
Published: 17 October 2014References
Abdel Wahab M, Fathy O, Elghwalby N, Sultan A, Mostafa M, El-Baz M, Elsaadany
M, Elshobary M, Ezzat F (2006) Primary hepatic carcinoid tumor: one Egyptian
center experience. Hepatogastroenterology 53(67):33–8
Aoki K, Sakamoto M, Mukai K, Kosuge T, Takayama T, Hiroshashi S (1992) Signet-ring
cell carcinoid: a primary hepatic carcinoid tumor with cytoplasmic inclusions
comprising of aggregates of keratin. Jpn J Clin Oncol 22(1):54–9
Fenoglio LM, Severini S, Ferrigno D, Gollè G, Serraino C, Bracco C, Castagna E,
Brignone C, Pomero F, Migliore E, David E, Salizzoni M (2009) Primary hepatic
carcinoid: a case report and literature review. World J Gastroenterol
15(19):2418–22
Fujino K, Koito K, Sano S, Takahara T, Nakamura E, Morisaki Y, Furuya T, Torigoe
T, Ishii Y (1998) A primary hepatic carcinoid tumor: evaluation by
computed tomography and magnetic resonance imaging. Radiat Med
16(5):371–3
Gao J, Hu Z, Wu J, Bai L, Chai X (2011) Primary hepatic carcinoid tumor. World J
Surg Oncol 9:151. doi:10.1186/1477-7819-9-151
Gravante G, De Liguori CN, Overton J, Manzia TM, Orlando G (2008) Primary
carcinoids of the liver: a review of symptoms, diagnosis and treatments. Dig
Surg 25(5):364–8. doi:10.1159/000167021
Hirata M, Ishida H, Konno K, Naganuma H, Nakajima K, Igarashi K, Onji M,
Iuchi H, Nishiura S, Maeda T (2002) Primary carcinoid tumor of the liver:
report of two cases with an emphasis on US findings. Abdom Imaging
27(3):325–8
Iimuro Y, Deguchi Y, Ueda Y, Tanaka A, Iwasa Y, Ishihara M, Mizuta K, Yamamoto Y,
Ikai I, Shimahara Y, Yamaoka Y (2002) Primary hepatic carcinoid tumor with
metachronous lymph node metastasis after long-term follow up. J Gastroenterol
Hepatol 17(10):1119–24
Imaoka I, Sugimura K, Tamura K (1993) Case report: MR imaging of a carcinoid
tumour of the liver. Clin Radiol 47(4):287–9
Iwao M, Nakamuta M, Enjoji M, Kubo H, Fukutomi T, Tanabe Y, Nishi H, Taguchi
KI, Kotoh K, Nawata H (2001) Primary hepatic carcinoid tumor: case report
and review of 53 cases. Med Sci Monit 7(4):746–50
Kehagias D, Moulopoulos L, Smirniotis V, Pafiti A, Ispanopoulos S, Vlahos L (1999)
Imaging findings in primary carcinoid tumour of the liver with gastrin
production. Br J Radiol 72(854):207–9
Komatsuda T, Ishida H, Furukawa K, Miyauchi T, Heianna J (2005) Primary
carcinoid tumor of the liver: report of a case with an emphasis on contrast-
enhanced ultrasonographic findings. J Clin Ultrasound 33(6):302–4
Lin CW, Lai CH, Hsu CC, Hsu CT, Hsieh PM, Hung KC, Chen YS (2009) Primary
hepatic carcinoid tumor: a case report and review of the literature. Cases J 2
(1):90. doi:10.1186/1757-1626-2-90
Maggard MA, O'Connell JB, Ko CY (2004) Updated population-based review of
carcinoid tumors. Ann Surg 240(1):117–22
Nikfarjam M, Muralidharan V, Christophi C (2004) Primary hepatic carcinoid
tumours. HPB (Oxford) 6(1):13–7. doi:10.1080/13651820310017228
Oh YH, Kang GH, Kim OJ (1998) Primary hepatic carcinoid tumor with a
paranuclear clear zone: a case report. J Korean Med Sci 13(3):317–20
Salamone L, McCarthy S, Salem RR (2010) Atypical cystic carcinoid tumors of the
liver. J Clin Gastroenterol 44(10):e256–9. doi:10.1097/MCG.0b013e3181da7714
Shah NA, Urusova IA, D'Agnolo A, Colquhoun SD, Rosenbloom BE, Vener SL,
Geller SA, Younes M, Lechago J, Heaney AP (2007) Primary hepatic carcinoid
tumor presenting as Cushing's syndrome. J Endocrinol Invest 30(4):327–33
Shih WJ, Samayoa L, Shih GL, Milan P (2005) Primary hepatic carcinoid tumor
presenting as a large multicystic lesion of the liver and on Tc-99 m RBC
abdominal imaging showing photopenic areas. Clin Nucl Med 30(7):530–1
Stella M, Decian F, Mithieux F, Meeus P, Rivoire M (2006) Ileal carcinoid with liver
metastasis presenting after ten years with abdominal mass and right heart
failure: report of a case. Tumori 92(1):83–5
Takayasu K, Muramatsu Y, Sakamoto M, Mizuguchi Y, Moriyama N, Wakao F, Kosuge
T, Takayama T, Hirohashi S (1992) Findings in primary hepatic carcinoid tumor:
US, CT, MRI, and angiography. J Comput Assist Tomogr 16(1):99–102
Ichiki et al. SpringerPlus 2014, 3:607 Page 7 of 7
http://www.springerplus.com/content/3/1/607Touloumis Z, Delis SG, Triantopoulou C, Giannakou N, Avgerinos C, Dervenis C
(2008) Primary hepatic carcinoid; a diagnostic dilemma: a case report. Cases J
1(1):314. doi:10.1186/1757-1626-1-314
Ulusan S, Kizilkilic O, Yildirim T, Tercan F, Bolat F, Yildirim S (2005) Primary hepatic
carcinoid tumor: dynamic CT findings. Abdom Imaging 30(3):281–5
Yeung YP, Sau S, Chiu H, Chong KA, Li VK (2008) Primary hepatic carcinoid
tumour: a detailed account of imaging findings. Hepatogastroenterology
55(82–83):663–5
doi:10.1186/2193-1801-3-607
Cite this article as: Ichiki et al.: Imaging findings of primary hepatic
carcinoid tumor with an emphasis on MR imaging: case study.
SpringerPlus 2014 3:607.Submit your manuscript to a 
journal and beneﬁ t from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁ eld
7 Retaining the copyright to your article
    Submit your next manuscript at 7 springeropen.com
